Cellular, colonial, cultural, and biochemical characteristics of 25 field strains of gram-negative pleomorphic bacilli from rams with epididymitis were compared with Actinobacillus actinomycetemcomitans American Type Culture Collection (ATCC) strain 29522 and Actinobacillus seminis ATCC strain 15768. Three field strains were identified as A. actinomycetemcomitans, 15 as A. seminis, and 2 as Haemophilus agni; however, 5 strains (3 in group A and 2 in group B) were not identified as species in the genera Actinobacillus, Haemophilus, or Pasteurella based on the taxonomic criteria in Bergey's manual of systematic bacteriology. The 5 Actinobacillus-like organisms in groups A and B were predominantly gram-negative coccobacilli and exhibited less pleomorphism than the 2 Actinobacillus species. The colonial morphologies of groups A and B were similar to the 2 Actinobacillus species but were smaller in diameter and had a pale yellow color. Groups A and B, like the actinobacilli, were facultative anaerobic and capnophilic, did not grow on MacConkey agar, and were catalasepositive and oxidase-positive. Group A reduced nitrate but group B did not. The A. seminis strains utilized ornithine, and group A utilized arginine; but group B did not utilize either omithine or arginine. All strains failed to utilize lysine or tryptophane. All strains produced acid but no gas from glucose, and the utilization of other carbohydrates varied markedly both between and within the 5 groups of bacteria. Based on carbohydrate utilization profiles, the 15 field strains of A. seminis represented 13 biotypes, but with a commercial semiquantitative enzyme system only 1 biotype was identified. All the A. actinomycetemcomitans, A. seminis, and group B strains produced moderate to high levels of alkaline phosphatase and acid phosphatase, but the group A strains were negative. Groups A and B were negative for beta-glucuronidase, but all the A. actinomycetemcomitans and A. seminis strains produced this enzyme. From the Department of Veterinary Microbiology and Parasitology, Texas Veterinary Medical Center, Texas A&M University, College Station, TX 77843-4467 (Scanlan), and the Department of Animal, Dairy, and Veterinary Sciences, College
Actinobacillus seminis, Haemophilus agni, and Histophilus ovis were first reported as new bacterial species in 1960, 1958, and 1956, respectively. 2, 11, 19 The A. seminis isolate was from a ram with epididymitis, and the H. agni and H. ovis isolates were from sheep with other disease conditions. Subsequently, these bacterial species and a few other species in the genera Actinobacillus and Haemophilus, as well as other gram-negative pleomorphs that were frequently referred to as Actinobacillus-like or Haemophilus-like organisms, were isolated from either epididymal lesions or semen from rams with epididymitis. 1,3,5-7,10,13-15,20,21,24-27,29-31,33,35, 36 Various biochemical test methodologies were employed in these studies, and constituent properties of the organisms, such as the presence of cytochrome c, nitrate reductase, and the ability to utilize glucose, often have been reported as variable characteristics, resulting in considerable confusion in the characterization and classification of these organisms. Several studies in the 1980's comparing the morphological, biochemical, and genetic relationships among selected bacterial species associated with epididymitis in ram lambs clarified the classification of some of these gram-negative pleomorphs. 22 ,23,28,32 Some organisms remain a taxonomic enigma. In the first edition of Bergey's manual of systematic bacteriology, A. seminis and H. agni were categorized as a "species incertae sedis," implying that these species by current taxonomic standards do not qualify for inclusion in their respective genera. 12, 18 The purpose of the present study is to describe the cultural and selected biochemical characteristics of organisms from rams with epididymitis, with particular emphasis on A. seminis and Actinobacillus-like organisms. Defined biochemical test methodologies were used to facilitate their identification and further define their phenotypic properties.
Materials and methods
Bacterial strains. The code numbers and sources of the 25 field strains, which were isolated from either epididymal lesions or semen samples of rams with epididymitis, and the 2 American Type Culture Collection (ATCC) strains of Actinobacillus actinomycetemcomitans and A. seminis used in this study are listed in Table 1 .
Cellular, colonial, and cultural characterization. The Gram reaction and cellular morphology of each strain were determined using Gram-stained smears from blood agar plates that had been incubated in air with 10% carbon dioxide at 37 C for 2 days. The motility of each strain was determined using a soft agar (0.4% agar) motility medium with tetrazolium salts. 16, 17 The motility media were inoculated from blood agar plates, then incubated in air with 10% carbon dioxide at 37 C for 5 days.
To determine their cultural characteristics, each strain was inoculated on 3 blood agar plates, a MacConkey agar plate, and a tryptose agar plate. The blood agar plates were incubated in air at 37 C, in air with 10% carbon dioxide at 37 C, and anaerobically in an atmosphere of 80% nitrogen, 10% hydrogen, and 10% carbon dioxide at 37 C, respectively. The MacConkey agar and tryptose agar plates were incubated in air with 10% carbon dioxide at 37 C. The ability to grow and the colonial characteristics of each strain were recorded after 2 and 5 days incubation. To compare growth rates on blood agar when incubated under different atmospheric conditions, the strains were evaluated daily for 5 days and subjectively scored as follows: poor growth, fair growth, and good growth.
Catalase, oxidase, and nitrate reduction tests. Colonies from blood agar plates incubated in air with 10% carbon dioxide at 37 C for 2 days were used to conduct the catalase and oxidase tests. Reagents for the catalase tests and oxidase tests were 3% H 2 O 2 and a 1% solution of tetramethyl-pphenylenediamine dihydrochloride, respectively. l6 Each strain was tested a minimum of 3 times for the presence of cytochrome c. The oxidase reactions were scored as negative (no color change occurred within 2 min), strong positive (color change occurred within 15 sec), and weak positive (color change occurred from 16 sec to 2 min).
Two methods were used to detect nitrate reductase. With the nitrate agar method, 2 tubes that contained 0.1% KNO 3 were inoculated from blood agar plates that had been incubated in air with 10% carbon dioxide at 37 C for 48 hr. 16, 17 After 2 and 4 days incubation at 37 C, reagents A and B (N,N -dimethyl-naphthylamine and sulfanilic acid) were applied. With the anaerobic blood agar-disk method, each strain was streaked on a blood agar plate, and a paper disk impregnated with a 0.4% KNO 3 solution was placed on a heavily streaked area. 34 The plates were incubated anaerobically at 37 C for 48 hr, then reagents A and B were applied to the paper disk. To determine if nitrate was reduced beyond nitrite, zinc dust was added to the reagent-treated disk. All reactions were recorded as negative (no color change occurred within 2 min), strong positive (color change occurred within 30 sec), or weak positive (color change occurred from 31 sec to 2 min).
Carbohydrate utilization tests. Acid production from various monosaccharides, disaccharides, trisaccharides, polysaccharides, glucosides, and polyhedral alcohols ( Table 2) was determined, using 1% substrate in a phenol red broth base. 16, 17 Each broth tube (10 ml medium) was inoculated with 0.2 ml of a dense suspension (approximately l0 lo cells/ ml) of the test organism in a phenol red broth base without carbohydrate (pH 7.4). The basal broths were inoculated from blood agar plates that had been incubated in air with 10% carbon dioxide at 37 C for 2 days. Uninoculated basal broths served as controls. For 10 days, each tube was observed daily for a color change (red to orange to yellow), and a l-ml aliquot was tested for pH with a pH meter. For each strain and substrate, the lowest pH during the l0-day incubation period was recorded. A pH of ≤ 6.50 was established as a positive reaction, and a pH of > 6.50 as a negative reaction. For strains with positive reactions, the means of the 3 replicates were calculated.
Amino acid utilization tests. Moeller's decarboxylase broth media with 1% arginine, 1% lysine, and 1% omithine were used to detect arginine dihydrolase, lysine decarboxylase, and omithine decarboxylase, respectively. 16, 17 The media were inoculated heavily from blood agar plates that had been incubated in air with 10% carbon dioxide at 37 C for 2 days. Uninoculated media with and without the amino acid substrates served as controls. All tubes were incubated in air at 37 C for 10 days and observed daily for color changes of the bromocresol purple pH indicator, and the pH was determined with a pH meter on days 2, 4, 6, 8, and 10. Positive reactions were confirmed by an increased pH of ≥ 0.5. Each test was repeated twice.
Two methods were used to detect indole production from tryptophane. 16, 17 Motility-indole-omithine media (MIO) were inoculated from blood agar plates that had been incubated in air with 10% carbon dioxide at 37 C for 2 days. The MI0 media were incubated in air at 37 C for 48 hr, then reacted with Ehrlich's reagent. With the anaerobic agar-disk method, blood agar plates were streaked with the organisms, and a paper disk was placed on the agar surface. 8 The plates were incubated anaerobically at 37 C for 2 days, and a 1% solution of p -dimethylaminocinnamaldehyde was applied to the disk. The MI0 tests were conducted twice, and the anaerobic agardisk method once. All results were recorded as positive or negative.
Enzyme characterization. The 2 ATCC strains and 25 field strains were evaluated for enzyme activities of 19 substrates (Table 3 ) using a commercial semiquantitative enzyme system a as described by the manufacturer. Briefly, colonies from a blood agar plate that had been incubated in air with 10% carbon dioxide for 48 hr were suspended in 3 ml of sterile distilled water to provide a bacterial suspension equivalent to a McFarland number 5 standard. Each cupule of the strip was inoculated with 0.04 ml of bacterial suspension. After incubation at 37 C for 4 hr in the dark, reagents A and B were added to each cupule, and the reactions were allowed to develop for 5 min at room temperature. The color intensity of the reactions was compared to the manufacturer's interpretation scheme and graded as follows: 0, no color change; trace, ≤ 5 nanomoles (nmol); 1, 5 nmol; 2, 10 nmol; 3, 20 nmol; 4, 30 nmol; and 5, ≥ 40 nmol. Both grade 0 and trace reactions, which produced only slight color changes, were scored as negative reactions; grade 1, as weak positive reactions; and grades 2-5, as moderate to strong positive reactions. Each strain was tested 3 times and the means of the replicates were determined.
Identification criteria for the field strains. The field strains of A. actinomycetemcomitans and A. seminis were identified based on their similar cellular, colonial, cultural, and bio-growth on blood agar when incubated in air with 10% chemical characteristics with ATCC A. actinomycetemcomcarbon dioxide, but only fair growth when incubated itans strain 29522 and ATCC A. seminis strain 15768, reeither in air or under anaerobic conditions except the spectively. The field strains of H. agni were identified based seminis strains, which exhibited poor growth in air.
On determinative bacteriologic criteria described in Bergey's All strains failed to produce visible growth on manual of systematic bacteriology. 12 The other field strains MacConkey agar. The grow rates on tryptose agar were were compared with the extracellular, facultative anaerobic, gram-negative bacilli in the division Gracilicutes, particu-similar to those on blood agar. larly those species described in the genera Actinobacillus,
The colonial morphologies of the A. actinomycetem-Haemophilus, and Pasteurella. 4, 12, 18 comitans, A. seminis, and H. agni strains were consistent with established criteria, whereas the colonial Results morphologies of groups A and B had a pale yellow Three field strains (numbers l-3) were identified as color and were smaller in diameter than those of either A. actinomycetemcomitans (Table 1) , 15 field strains A. actinomycetemcomitans or A. seminis. (numbers 4-l8) as A. seminis, and 2 field strains (num-All strains were catalase-positive except the H. agni bers 24 and 25) as H. agni. The 3 field strains in group strains, which were catalase-negative. Although all A (numbers 19-21) and the 2 field strains in group B strains were oxidase-positive, the A. actinomycetem-(numbers 22 and 23) were not identified to either genus comitans and A. seminis strains generally had weak or species level based on the descriptions of currently positive reactions, and some replicates gave negative classified organisms.
reactions; whereas, the strains in groups A and B al-
The strains of A. actinomycetemcomitans, A. sem-ways had strong positive reactions. With the anaerobic inis, and H. agni were pleomorphic bacilli. Groups A agar-disk method, all strains reduced nitrate except and B were predominantly coccobacillary but exhib-the group B strains, which were negative. The nitrate ited some pleomorphism. All strains were gram-neg-agar method, however, was less sensitive, and most ative and nonmotile. strains had either negative or weak positive reactions.
All the A. actinomycetemcomitans, A. seminis, H.
The results of the carbohydrate utilization tests are agni, group A, and group B strains exhibited good listed in Table 2 . All 27 strains produced acid (pH ----6.3 6.2 6.4 6.2 6.3 -6.4 -------5.7 5.6 5.6 5.9 6.4 5.8 5.9 5.9 5.9 5.4 5.5 5.6 5.7 -5.7 5.8 5.7 5.8 5.7 5.9 -5.9 -6.3 5.5 ----6.3 5.9 6.2 6.3 6.3 6.3 -6.4 6.4 -
5.2 6.1 5.6 5.6 6.2 5.6 5.7 5.1 5.9 5.2 5.1 5.4 6.4 -5.9 5.8 5.8 5.7 5.7 5.7 5.4 6.1 6.0 6.3 6.3 -6.2 -6.3 6.0 5.7 5.9 6.2 6.2 -6.2 6.2 6.1 6.2 6.2 6.2 - All strains were negative for arginine dihydrolase, lysine decarboxylase, and indole except the 3 strains in group A, which were positive for arginine dihydrolase. The 16 A. seminis strains were positive for ornithine decarboxylase, but the other strains were negative.
The results of the enzyme assays are listed in Table  3 . All 27 strains were negative for cystine aminopeptidase, trypsin, chymotrypsin, alpha-galactosidase, beta-galactosidase, alpha-glucosidase, beta-glucosidase, N-acetyl-beta-glucosaminidase, alpha-mannosidase, and alpha-fucosidase. All strains were positive for alkaline phosphatase except group A. Groups A and B were negative for beta-glucuronidase, but the other 22 strains were positive. All strains produced acid phosphatase except group A. The group B strains produced esterase (C4) and esterase lipase (CQ but the other strains were negative for these enzymes.
Discussion
The biochemical test results of this study demonstrate the need for utilizing highly sensitive methods to determine if the bacterial isolate under testing possesses genetically conserved constituents, such as cytochrome c and nitrate reductase. These methods are essential for the identification and/or characterization of the gram-negative pleomorphs, particularly the A. seminis and Actinobacillus-like species that are frequently associated with epididymitis in ram lambs. Modifications of standard methodologies for determining aerobic acid production from glucose and other carbohydrate substrates also were employed to obtain reproducible carbohydrate utilization profiles. The inocula (basal broths with approximately l0 l0 cells/ml) from actively growing cultures (blood agar plates incubated 2 days) enhanced the reproducibility of acid production (pH ≤ 6.50) for the various carbohydrate substrates. In previous attempts when the carbohydrate broths were inoculated directly from blood agar plates or with basal broths inoculated from older cultures (blood agar plates incubated 4 days), metabolizable substrates often produced little, if any, detectable acid. The daily determination of pH changes also was essential to detect strains with weak positive reactions (pH 6.01-6.50), which frequently required several days to obtain, then reverted to an alkaline (pH > 6.50) reaction after additional incubation. The fastidious metabolic nature of these gram-negative pleomorphs is a plausible explanation for some of the conflicting biochemical criteria attributed to them. 1-35-7,lo,l3,l5,19-33 , 3 5 , 36 The reference strains of A. actinomycetemcomitans and A. seminis provided a basis to identify their respective field strains and to distinguish these species from the Actinobacillus-like organisms in groups A and B.
The A. seminis strains in this study exhibited a marked metabolic variability for carbohydrates; however, the reference and field strains had uniform enzymatic patterns when evaluated with a commercial enzyme system. In a previous study, Groom et al. 9 determined the enzyme profile for A. seminis ATCC strain 15768, which was identical to the results obtained in the present investigation. The data of these studies would indicate that the enzymatic profiles are a useful adjunct for the identification of A. seminis as well as to help distinguish this bacterium from other gram-negative pleomorphs associated with ovine epididymitis.
The biochemical data of groups A and B did not fit established taxonomic criteria for species currently classified in the genera Actinobacillus, Haemophilus, or Pasteurella. 4,12,l8 Although these preliminary studies suggest that groups A and B represent what previous investigators have described as Actinobacillus-like organisms, additional morphologic, biochemical, antigenie, and genetic evidence will be required to determine their relationship among other members of the family Pasteurellaceae.
